Contrasting effects of chronic hypoxia and nitric oxide synthase inhibition on circulating angiogenic factors in a rat model of growth restriction.
We hypothesized that nitric oxide (NO) inhibition has synergistic effects with chronic hypoxia in altering maternal serum levels of soluble fms-like tyrosine kinase 1 (sFlt-1), vascular endothelial growth factor (VEGF), and placental growth factor (PlGF). We tested our hypothesis in a rodent model of intrauterine growth restriction induced by chronic hypoxia and NO inhibition with N(G)-nitro-L-arginine methyl ester (L-NAME). Timed pregnant adult Sprague-Dawley rats were assigned to the following groups: (1) 20% (oxygen) O2 + saline (n = 7); (2) 20% O2 + L-NAME (n = 8); (3) 14% O2 + saline (n = 5); (4) 14% O2 + L-NAME (n = 5); (5) 10% O2 + saline (n = 6); and (6) 10% O2 + L-NAME (n = 6). Seven nulliparous females served as nonpregnant controls. L-NAME (50 mg/rat/day) or saline was administered via subcutaneous osmotic pumps, inserted on day 17 of gestation. A hypoxic chamber was used to assure mild (14% O2) or severe (10% O2) hypoxic environment after surgical placement of the minipumps and until the animals were killed on day 21 of gestation before the onset of labor. Maternal blood was collected preceding death. Free serum levels of VEGF, PlGF, and sFlt-1 were measured by highly specific immunoassays. Two composite indices were calculated (sFV: log [(sFlt-1)/VEGF] and sFP: log [(sFlt-1)/PlGF] and compared among groups. Fetal growth restriction was induced by both severe hypoxia (10% O2) and L-NAME infusion (2-way analysis of variance, P = .02 O2 levels, P < .001 L-NAME), whereas their combination proved to be the most damaging (P < .001). Pregnancy was characterized by higher maternal serum concentrations of VEGF (P < .001) and PlGF (P < .001), but lower levels of sFlt-1 (P = .037) compared with nonpregnant controls. Serum VEGF levels were not altered by either hypoxia or L-NAME infusion (P = .348 O2 levels, P = .205 L-NAME). In contrast, L-NAME significantly increased sFlt-1 serum levels independent of O2 levels (P = .032, L-NAME treatment, P = .991 O2 levels). Chronic hypoxia significantly decreases the circulating levels of PlGF (P < .001) independent of L-NAME treatment. The sFV ratio was neither altered by hypoxia nor by L-NAME infusion. In contrast, the sFP ratio was significantly increased by both L-NAME (P < .001) and severe hypoxia (P < .001), but the effect was not synergistic (P = .655). Chronic NO inhibition as well as hypoxia induce fetal growth restriction and significantly change maternal circulating levels of sFlt-1 and PlGF, but not of VEGF. The primary effect of chronic hypoxia is in decreasing circulating levels of PlGF that contrasts with that of NO inhibition, which selectively increases sFlt-1 levels. Their effect is thus not synergistic, suggesting independent pathways.